Organic food wastes are a significant portion of municipal solids wastes. Only 2.5% are diverted from landfills annually. Wastes were estimated for food manufacturers, supermarkets, restaurants, hospitals, nursing homes, and universities within the area evaluated, including St. Bernard, Orleans, Plaquemines, and Jefferson Parishes. Calculations were based on methodologies developed in past state studies for Connecticut and Massachusetts. There is significant food waste in the area and interest from large producers in alternative waste disposal options. Total food waste generation in the study area is estimated at 70,000 tons per year; however, not all wastes would be available to a project. Assumptions of participation by categories of food waste generators led to a low scenario of 7,000 tons per year and a medium scenario of 15,000 tons per year. Ideally, wastes would be collected and delivered by private waste haulers. They already have the existing customer relationships, billing systems, and collection equipment. The tipping fee at a bioenergy facility must be lower than the landfill fee ($30/ton) to incentivize food wastes generators to separate organic and inorganic wastes and to motivate garbage haulers to collect and deliver to the vi facility. This study uses a bioenergy plant tipping fee of $20/ton based on conversations with waste haulers.
Food wastes are an excellent candidate for AD due to high moisture and organic content. AD is the natural, biological degradation of organic matter in absence of oxygen yielding biogas. Biogas is comprised of 60%-70% methane and 30%-40% carbon dioxide and other trace gasses. Biogas is capable of operating in nearly all devices intended for natural gas. AD is commonly used in wastewater and manure treatment facilities. There are few examples of U.S. food waste digesters. A literature review resulted in an expectation of high installation and operating costs for a food waste digester. Average installed and operating costs are estimated at $561/ton capacity and $48/ton processed, respectively.
Financial analysis was conducted using EPA's Region 9 Co-Digestion Economic Analysis Tool (CoEAT). The net present value (NPV), a measure of the profitability of a project, is estimated at -$6.7 million. The lack of profitability is due to very low energy and landfill prices in Louisiana and high up-front costs for anaerobic digester technology and costs for ongoing operations. Revenues from the plant for both scenarios are not anticipated to be sufficient to overcome costs.
viii List of Tables   Table ES- Biomass was selected as the renewable energy resource, and preliminary work focused on selecting a feedstock. It is generally agreed upon in the biomass industry that sufficient feedstock must be available within 50 miles of a site for economic performance. The site is not located near concentrated woody biomass or agricultural residues. Therefore, area experts, universities, and the project team identified food wastes as the feedstock. They selected anaerobic digestion (AD) as the technology because it can accommodate wet wastes, and food wastes have approximately 70% moisture content. This study will review the site, feedstock, heat and power market, AD technology, and economics of the proposed project.
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Scope of Work
The proposed facility will be an AD system utilizing food waste as feedstock. This feasibility study makes an evaluation of the following areas:
• Site assessment
• Overview of AD technology
• Feedstock assessment
• Markets for heat and power
• Financial analysis.
Study Area and Site Description
The site is located in Chalmette, Louisiana, adjacent to the St. Bernard Port. The site is in the vicinity of New Orleans, as shown in Figure 1 . The circle represents an ideal collection radius of approximately 25 miles for food wastes. Food wastes are 70% moisture, and it is economical to collect waste from nearby producers. The brownfield site was formerly used as a landfill for spent potliner (SPL) wastes from the Kaiser aluminum facility. The plant was closed in the 1980s, and the landfill was capped. SPL wastes were later classified as hazardous due to cyanide and fluoride content. The site is 39 acres; however, a 25-foot mound containing wastes is located in the center and southern area of the property, covering approximately 19 acres of the site (the yellow area in Figure 2 represents all 39 acres). There is also a fly ash pond and a small unoccupied building in the northeast corner of the mound. The property is bounded by St. Bernard Port, Harbor, and Terminal District in the northeast and southeast; Chalmette National Battlefield and Cemetery in the northwest; and the Mississippi River in the southwest. A detailed drawing of the site is available in Appendix A.
The Louisiana Department of Environmental Quality (LDEQ) and TRC (the land owner) would need to approve any development plans that may impact the cap. The costs to fill the surrounding land to align with the mound would be prohibitive. One option is to use the land on the south side of the mound adjacent to the port as it has easy road access and will not hinder activity at the adjacent National Park Service land. TRC acquired the landfill in a bankruptcy settlement in 2004. They retain environmental liability and are responsible for checking the landfill cap and maintaining the site. There are no future plans to further clean up the site. TRC will donate the property for development while retaining environmental liability if it alleviates their maintenance costs and property taxes.
The terrain of the site surrounding the mound is slightly rolling but should not require greater than normal site preparation and earthmoving. 
Site Considerations
The criteria for a successful bioenergy facility include feedstock proximity, road and rail access, state and federal codes, and proximity to required utilities. Another consideration is a market for selling energy from the plant. Proximity to communities is also an important factor because of increased traffic volume to deliver feedstock and odor. The site is located in an industrial area with no residential communities nearby. The area is accustomed to truck traffic due to petroleum and other industries in the immediate vicinity.
Federal and State Regulations Impacting Anaerobic Digesters
The size and design of the plant, the method of steam and power generation, and local permitting requirements ultimately affect the actual permits required for an AD project. State agencies generally handle permitting. Some states consider anaerobic digesters a waste processing facility.
The federal regulations and permits required for an AD project include:
• 
Development of Biomass Energy on Brownfield Sites
One very promising and innovative use of contaminated sites is to install biomass power systems. Biopower systems work well on brownfield sites where there is an adequate biomass fuel supply and favorable power sales rates.
The cleanup and reuse of potentially contaminated properties provides many benefits, including:
• Preserving greenfields
• Reducing blight and improving the appearance of a community
• Raising property values and creating jobs
• Allowing for access to existing infrastructure, including electric transmission lines and roads
• Enabling a potentially contaminated property to return to a productive and sustainable use.
By taking advantage of these potential benefits, biopower can provide a viable, beneficial reuse-in many cases generating revenue on a site that would otherwise go unused.
The former Kaiser Aluminum Landfill is owned by TRC, which is interested in donating the site to a potential renewable energy project. For many brownfield sites, the local community has significant interest in the redevelopment of the site and community engagement is critical to match future reuse options to the community's vision for the site.
The subject site has potential to be used for other functions beyond the biopower project proposed in this report. Any potential use should align with the community vision for the site and should work to enhance the overall utility of the property.
Most states rely heavily on fossil fuels to operate their power plants. There are many compelling reasons to consider moving toward renewable energy sources for power generation instead of fossil fuels, including:
• Using fossil fuels to produce power may not be sustainable
• Burning fossil fuels can have negative effects on human health and the environment
• Extracting and transporting fossil fuels can lead to accidental spills, which can be damaging to the environment and communities
• Depending on foreign sources of fossil fuels can be a threat to national security
• Fluctuating electric costs are associated with fossil-fuel-based power plants
• Burning fossil fuels emits greenhouse gases, possibly contributing to climate change.
Anaerobic Digestion
Overview
AD is the natural, biological degradation of organic matter in the absence of oxygen yielding biogas. Biogas is comprised of 60%-70% methane and 30%-40% carbon dioxide and other trace gasses. Biogas is capable of operating in nearly all devices intended for natural gas with minimal adjustments to account for lower Btu content. In the United States, AD is commonly used in wastewater treatment plants (WWTP) and as a method for manure treatment. The technology is commercial and has been deployed in the United States for over 30 years.
EPA hosted a summit for a case study on biodigesters and biogas in 2012. 10 The benefits of AD include renewable energy generation, greenhouse gas emission reductions, reduced water pollution, and a potential revenue stream created from waste. The primary barriers are high capital costs and low biogas prices.
There are several potential utilization options for biogas. Common applications include heat, power, or combined heat and power (CHP). A portion of generated biogas is required to maintain temperature and provide energy for other functions of the digestion process. Remaining energy is available for electricity generation or direct combustion for heating purposes. Biogas is typically used to power a microturbine or reciprocating engine. Combustion and steam turbines are only used in very large systems.
Other potential scenarios for use of resulting heat or power from anaerobic digester include providing space heating for port area buildings or upgrading and compressing biogas for use in fleet vehicles (Figure 4 ). 
Technical Information
This project would need to obtain wastes from multiple sources, increasing the risk of contamination. Delivered feedstock may contain silverware, other metals, rocks, and other various non-desirable feedstock components. Preprocessing will be necessary to remove these contaminants from the food waste feedstock. This is done through various methods of sorting, including mechanical systems. The digestion process takes place in a closed environment such as a tank. Digestion results in biogas primarily composed of methane and carbon dioxide. The goal is to produce a biogas with high methane content for energy production. The co-product is digestate and consists of solids and liquids remaining after digestion.
The degradation and conversion process occurs in four steps with different classes of bacteria responsible for each phase. Figure 5 illustrates the microbial process where the first two steps are facultative and the latter two are strictly anaerobic. Operating within defined parameters ensures optimal biogas production. AD technologies are typically optimized for either low solids or high solids content. Alternatively, these technologies are referred to as wet or dry even though the feedstock generally has moisture content above 70%. Low solids refers to wastes with solid content of 3%-10%, and high solids refers to solid content of 15% or more. Wet systems (low solids) mesophilic digesters are the most common and often deployed at WWTPs. Wet digesters slowly mix feedstock with microbes to increase the speed of degradation. Water will need to be added to food wastes in a wet digester to reduce solids content.
There are few examples of food waste digestion in the United States. Existing or planned standalone systems are increasingly evaluating high solids/dry digester technologies. Dry digestion is common for food wastes in Europe. Dry systems can be built to scale-up (batch/modular) as more wastes become available. This may be desirable, as it will take some time to develop the supplier base for food wastes in the study area. The site is not large and several reports suggest dry digestion requires less space. Financing novel technologies is generally more challenging. Any project evaluating AD should engage both wet and dry digester technology vendors.
Digester Types
There are two methods for introducing feedstock into the digester: batch or continuous. In batch systems, the food waste is added to the vessel and sealed for the duration of the AD process. Some technologies integrate composting of remaining digestate co-product in the vessel after biogas production is completed. The more common method is continuous feeding where feedstock is frequently added to the digester. Wastewater and manure AD systems use the continuous method. Dry digesters are either batch or continuous. There is also a variation, temperature-phased anaerobic digester, a two-reactor digester designed to separate microbial processes in order to optimize parameters for different phases. Research has demonstrated that a two-stage reactor leads to higher biogas and methane yields, although dual reactors increase construction and materials costs. Single-stage systems are more common due to lower capital costs.
Complete mix digesters consist of a large above-or below-ground steel or concrete reactor. They are a very common type of continuous digester often used in WWTPs ( Figure 6 ). Waste is mechanically mixed keeping microbes and volatile solids in suspension providing good contact and efficient biogas production. The mixing also provides a homogenous digestate co-product. In the case of food wastes, water will need to be added to reach solids content of 10%-15%. Dry digesters (high solids) are similar in functionality and employ either batch or continuous feedstock entry. Considerations for all digester types include:
• Insulation and heat exchangers maintain temperature from biogas or waste heat recovered from engine exhaust and cooling systems
• Approximately 10% of biogas will be used to provide energy to operate the plant
• It takes time to achieve a steady state for economic methane recovery
• Sewage sludge from a WWTP is often placed in the digester to establish microbial populations prior to loading feedstock. 
Digester Parameters
AD systems are typically designed to operate in one of two temperature ranges: mesophilic and thermophilic. Mesophilic digesters operate between 95°F and 105°F and thermophilic between 125°F and 140°F. Mesophilic digesters are more common due to lower capital costs and ease of operation. Thermophilic digesters produce more energy but are generally more difficult to operate. In the United States, nearly all digesters are mesophilic in use at WWTPs and farms. In Europe, dedicated food waste digesters tend to use high solids (dry) technology and operate in the thermophilic range.
Residence time refers to the length of time for complete degradation of food wastes in a digester. It is a function of feedstock properties, temperature, process system, and similar parameters.
Residence time for a wet mesophilic system ranges from 15-30 days. The residence time in thermophilic systems is shorter at about 14 days (wet system) due to higher temperatures.
Residence times vary widely with more time generally leading to stable biogas production. However, longer residence time requires a larger digester, increasing capital costs. Engineering design will determine the optimal residence time and size for a project.
Organic loading rate (OLR) refers to the rate at which volatile solids are added to a digester. It is calculated by dividing pounds of volatile solids added to the digester daily by the digester volume. OLR is a function of digester volume and residence time. It is essential to standardize the OLR of volatile solids (about 88% of total solids) into a digester to optimize methane production and minimize risk of a system shutdown. Overloading a digester with organic materials will send a digester into shock leading to reduced or discontinued methane production.
Retention time refers to the average time microbes are in the digester. Methanogenic bacteria grow slower than other bacteria in an anaerobic system. They respond slowly to changes, and AD system parameters should change slowly to maintain methanogen populations in the digester. Overloading solids may result in high levels of ammonia, which are toxic to methanogens.
Optimizing parameters ensures appropriate methanogenic bacteria population to maximize biogas production ( Table 1) . 
East Bay Municipal Utility District Food Digestion Experiment Results
East Bay Municipal Utility District (EBMUD) co-digests food wastes with wastewater in an existing anaerobic digester. They conducted a study to determine parameters of food wastes in an anaerobic digester at both mesophilic and thermophilic at mean cell residence times (MCRT) of 5, 10, and 15 days ( Table 2 ). The 5-day MCRT did not provide stable biogas production. Methane content is higher for thermophilic operation at both 10-and 15-day MCRTs. The 15-day MCRT resulted in greater methane and electricity production rates. A longer MCRT requires a larger digester. The resulting biogas must be treated before it is used to generate heat and electricity. The most significant contaminant in biogas is hydrogen sulfide, which will corrode equipment if it is not treated. An AgSTAR presentation provided costs of $25,000 for hydrogen sulfide treatment equipment (based on 200-kW complete mix wet digester). 14 Biogas must be upgraded prior to entering natural gas pipelines-this requires high capital costs for equipment and significant electrical demand for operating it. Biogas from this project is not expected to enter natural gas pipelines due to Louisiana prices and natural gas supply. Further processing to remove carbon dioxide, hydrogen sulfide, and water allows biogas to be used as a compressed alternative fuel. However, this is a limited but growing market.
Digester heating requirements are influenced by design and insulation used in digester construction. The St. Bernard site is in a warm climate so heating requirements will be low compared with other locations. The waste heat captured in the CHP system will be sufficient to heat the incoming food waste slurry and the digester system. Some of the heat and electricity generated will be used in the plant and administration office.
Existing AD Systems
There is a long history of AD of wastewater in the United States. According to EPA's 2008 Clean Watershed Needs Survey database, there are 1,455 WWTPs using AD technology. Of these, 104 use CHP technology to heat and power the water treatment process. The WWTPs using CHP technology tend to use reciprocating engine or microturbine technology. Several municipalities co-digest food wastes with wastewater (Table 3) .
Nearly all AD projects are owned and operated by municipalities. Many partner with private waste haulers to deliver food waste feedstock. EBMUD used excess AD capacity to produce biogas from food wastes. Their system handles between 7,500 and 15,000 tons per year. Excess power generation is sufficient to provide electricity for 13,000 area homes.
15 EBMUD conducted testing to determine the impact on biogas/electricity production as a result of adding food wastes. They found it significantly increased energy production compared with wastewater. The University of Wisconsin plans to achieve carbon neutrality and deployed a demonstration-scale anaerobic digester using novel technology. The university installed a dry/high solids system with capacity of 6,000 tons per year and power generation capacity of 2,320 MWh per year, representing approximately 8% of university demand. 16 The towns of Gloversville and Johnston, New York, in partnership with Fage, a yogurt manufacturer, co-digest wastewater and yogurt wastes. Fage selected the location in New York based on available excess capacity in the towns' shared anaerobic digester system. The systems include two 350-kW generation sets. 17 The resulting energy provides 91% of the WWTP's energy needs. Cottonwood Dairy in California installed an anaerobic digester to process manure and wastes from a cheese plant. Electricity and heat are used on-site and excess electricity from the 700-kW unit is sold to Pacific Gas and Electric.
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Since 2002, Toronto has used AD to reduce food wastes in landfills and generate energy. As of 2011, capacity is 40,000 tons per year with average biogas production of 3,434 cubic feet/ton.
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The resulting biogas is upgraded and delivered to a nearby natural gas line. Toronto is expanding and building more AD capacity at other sites with plans to increase annual capacity to 180,000 tons per year.
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Several communities are planning food waste digesters. Humboldt County, California is considering a dry system with capacity of 10,000 tons per year. Cedar Grove Composting in Everett, Washington, is seeking permitting for an enormous digester at their existing compost facility with capacity of 280,000 tons per year. Zero Waste Energy Development Company in San Jose, California, is constructing a dry AD system to handle 90,000 tons per year, eventually expanding to 150,000 tons, using a dry/high solids modular design. Harvest Power near Vancouver, Canada, already handles large volumes of food wastes at their composting facility. They intend to build 30,000 tons per year dry/high solids AD system. w2e Organic Power plans to construct an anaerobic digester with capacity of 48,000 tons in Columbia, South Carolina. The State of South Carolina will buy power generated by the digester. The company is in planning phases to build a food waste digester in Baton Rouge, Louisiana. 
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AD Co-Products
The AD process produces a co-product commonly referred to as digestate. Digestate consists of biosolids (~30%) and liquids (70%). 25 It is common to separate solids and liquids. Liquids are typically applied directly to agricultural lands as a low-grade fertilizer. Solids are either composted (EPA's preferred method) or used as animal bedding. Co-products can be separated using centrifuge, heat/drying, or a screw press. Economic values for digestate products are unknown. Many digesters are farm based, and digestate liquids and solids are used on-site. The properties of digestate are shown in Table 4. 21 "DHEC Approves Permit for Waste-to-Energy Plant." Colombia Regional Business Report, January 17, 2011. Accessed January 7, 2013: http://www.columbiabusinessreport.com/news/37706-dhec-approves-permit-for-wasteto-energy-plant. 22 Food wastes are rich in organic matter and are troubling in landfills as they release methane, a potent greenhouse gas. Energy generation, including AD, is an industrial use of food recovery (Figure 8 ). Several municipalities across the United States offer either household or commercial collection of food wastes. In addition, there are many private organic recycling companies across the United States collecting and receiving organic wastes. 
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Many different facilities produce significant food waste volumes, including restaurants, food manufacturers, hospitals, universities, and supermarkets. Healthcare facilities, universities, and conference properties produce similar wastes streams comprised of typically 50% fruit/vegetables and 50% protein (meat, fish, and poultry) and baked goods. Restaurant food waste exhibits more variability in composition. Fast food restaurants often use prepared portions of food and tend to generate less waste during preparation. Restaurants preparing food as it is ordered are likely to generate largely fruit and vegetable wastes with minimal amounts of bakery, sugar, starch, and dairy products. Supermarket waste is mostly produce (90%) with small amounts of bakery, seafood, and deli wastes. Supermarket meat wastes are generally collected by rendering facilities.
The Massachusetts Department of Environment Protection funded a study to identify and characterize food waste generators. 29 The study established a database of food waste generators and estimated volumes. Massachusetts evaluated 5,800 generators in 10 different categories producing 880,000 tons of food waste annually. The study found that 20% of waste producers generate 80% of the total. Food manufacturers, restaurants, and supermarkets produced the highest volumes. The study determined that there is no method to accurately predict food wastes from a single facility. Food waste generation varies widely even among similar facilities. Large food manufacturers tended to already have food waste diversion programs in place-either selling as livestock feed (commercial bakery wastes) or composting to combat the high cost of trash removal. Connecticut conducted an earlier study that found somewhat similar rates of food waste generation; however, fewer categories were analyzed and restaurants were not included.
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Food wastes have high moisture content and are often the wettest component of household garbage (Table 5 ). The energy content is a function of the type of food waste but ranges between 1,500 and 3,000 BTU per pound of waste. The energy content determines how much bioenergy can be produced from a feedstock. 
Methodology and Study Area Organic Waste Generation
Organic food waste residues were calculated based on U.S. Census Bureau data and calculations available from the previous Connecticut and Massachusetts studies. 29, 30 Seafood processors, universities, and hospitals were contacted. All expressed interest in separating organic wastes, but few could provide estimates of food waste generation.
Formulas for determining food wastes were identified in the Massachusetts study. The referenced study conducted a survey to determine food manufacturer wastes. This study uses the same calculation for food manufacturers, grocery stores, and restaurants assuming 3,000 pounds of waste each year per employee (based on Massachusetts study). A few large sources were able to estimate their wastes and those are summarized later in this section.
Formula for organic food wastes from food manufacturers, grocery stores, and restaurants:
Organic food wastes (lbs/year) = number of employees * 3,000 (lbs/employee/year) 29 
Food Waste Characteristics
Food wastes from hospitals and nursing home/rehabilitation/mental health facilities were estimated using exact and average number of beds. Each hospital reports number of beds. Exact number of beds for nursing homes and similar facilities are not available. The Center for Disease Control reports that the average number of beds in a nursing home is 106. 32 Food wastes from universities with dining halls were based on the number of students and meals per year. The number of meals and food waste per meal were based on Massachusetts's data.
Formula for organic food wastes from hospitals and nursing homes:
Hospital food waste (lbs/year) = # of beds * 5.7 (meals/bed/day) * 0.6 lbs (food waste/meal) * 365 (days/year) Nursing home food waste (lbs/year) = # of beds * 3 (meals/bed/day) * 0.6 lbs (food waste/meal) * 365 (days/year)
Formula for organic food wastes from universities:
University food waste (lbs/year) = # of students * 0.35 lbs (food waste/meal) * 405 (meals/student/year)
The Census Bureau identifies types of businesses using numerical codes known as the North American Industry Classification System (NAICS). 33 This study evaluated business categories, including food manufacturing, grocery stores, restaurants, and health care facilities, and reviewed 2010 company data in Jefferson, Orleans, Plaquemines, and St. Bernard Parishes. Only facilities with 10 employees or more were included in the evaluation. Smaller facilities were eliminated due to the expectation of low volumes and insufficient staff to separate wastes.
NAICS reports the number of facilities for a particular type of establishment for several categories of employment size (Table 6 ). Because exact number of employees per establishment is unknown, the average number of employees per employment class size was used. As an example, there are seven grocery stores in Orleans with between 10 and 19 employees (see Appendix A). The average employment in this category is 14.5 jobs leading to estimated employment at these seven stores of 101.5 total employees. 
St. Bernard Area Food Wastes
The following parishes were evaluated for food waste generation: Jefferson, Orleans, Plaquemines, and St. Bernard (Figure 9 ). Table 7 identifies the numbers of businesses producing food waste by category for each parish. Table 8 shows estimated food wastes. Additional details are available in Appendix A.
Figure 9. Food waste evaluation area. Illustration done in Google Maps
Food wastes are estimated and do not provide an exact volume of wastes generated in the immediate area. Average food waste per facility is not a good indicator of feedstock availability as it is typical for a few large generators to provide a large portion of the total. If this project advances, the developer should conduct a food waste survey with area producers to determine an accurate assessment.
Any food waste collection project will only capture a portion of available wastes. For example, collecting feedstock from some businesses will not be viable due to insufficient staff for separating wastes or space constraints limiting the ability to accommodate an additional bin.The best case is to work with large waste generators targeting food manufacturers and universities first. These food waste generators showed interest in the project, produce predictable volumes of waste, and are likely to have less contamination than restaurants. Determining how many facilities would participate was not within the scope of this study. However, several universities, hospitals, and food manufacturers expressed interest when initially contacted. Table 9 shows potential volumes based on obtaining portions of the estimated food wastes in each category. Food waste collection scenarios are based on some individual contacts with food manufacturers, hospitals, and universities. Restaurants, supermarkets, and nursing homes were not contacted and their interest level is unknown. A project developer will need to work with waste haulers and facilities in each category to obtain waste. Actual collection of food wastes may vary greatly from levels suggested in Table 9 . These numbers were generated to provide a basis for financial modeling of an AD system. Initial participation will likely be low, and separating wastes is not a common practice in the area. As an example, recycling was reintroduced in 2012 as it was suspended after Hurricane Katrina in 2005. Presumably, participation would grow over time as more facilities are aware and if there are incentives for separating wastes. It is possible to design an anaerobic digester system to be modular and add more capacity as needed. Biomass energy project economics generally improve with greater volumes of feedstock. Production is set to expand, which will lead to additional wastes. The Census Bureau reports an additional four coffee and tea production facilities in the study area.
According to a private unpublished area study, there are five large seafood processors averaging wastes of 20 tons per month. Orleans Parish has several commercial bakeries, including Bunny Bread, which produces between 8 and 16 tons of waste per month, which is sometimes used as livestock feed. The Census Bureau reports a large dairy manufacturer with more than 250 employees in Orleans. There are also animal slaughtering operations and meat processors. Targeting the largest food manufacturers in the area is important as the waste will be predictable with no or low contamination. 
Grocery Stores
Restaurants
The restaurant business is growing with 1,313 restaurants in New Orleans and the surrounding suburbs, up considerably from the 809 the day prior to Katrina. 38 The majority of food wastes come from food preparation, but post-consumer wastes are also available. Many restaurants in the French Quarter are space-constrained and would require use of a smaller bin with regular pickup service. Restaurants represent the largest volume of wastes compared to other categories but also the greatest number of establishments. It will be crucial to properly train restaurant staff-particularly as dish washing has high turnover. Staff will need to understand which items are appropriate for a food recycling bin. There is competition for this resource as NOLA Green Roots, LLC collects food wastes from residents and businesses on 1-, 3-, and 5-day per week pick-up schedules. 39 They currently have 11 businesses composting waste-mostly restaurants but also Loyola University. NOLA Green Roots composts wastes and sells 25-pound bags of compost for $12.99. There are plenty of wastes to accommodate more than one food waste facility.
Hospitals
There are 10 hospitals in the study area-all are located in Orleans and Jefferson Parishes. Several hospitals were contacted and are interested in potential food waste recycling. None were aware of their current waste volumes. Ochsner Hospital has the most beds and therefore the most food wastes followed by Touro, East Jefferson, and Children's Hospitals.
Nursing Homes
Nursing homes, including homes for elderly, mental health, and other rehabilitation patients, were evaluated. These types of homes are concentrated in Orleans and Jefferson Parishes with 56 and 72, respectively. During a detailed feedstock analysis, it would be valuable to determine facilities with the most beds and highest capacity.
Universities
All area universities are located in New Orleans. Each university was contacted to gauge their interest in food waste recycling and estimated volumes. All universities are interested in participating. All of the campuses have cafeteria facilities. Tulane and University of New Orleans have the largest student population. Loyola University is separating food wastes for a privately owned compost facility. Only Tulane provided estimates of food wastes. Bruff Commons Hall generates 16-22.5 tons per week for 9 months each year. The Student Union generates mixed wastes (without recyclables) of 7.9 tons per week during the academic months and 4.25 tons in summer months. Area community colleges are unlikely to have dining facilities.
Other Area Food Wastes
The convention center and sporting arenas are other potential sources of waste. Some conferences, particularly those related to environmental activities, are starting to request that conference venues provide recycling and composting bins. Food wastes from the convention center and sports arenas will be variable based on when events occur, number of attendees, and types of meals served. There are several food wholesalers in the area. Wholesalers tend to deliver pre-packaged items and generate few wastes. Area food banks may have spoiled produce available for collection.
Potential Business Scenarios
While a waste-to-energy facility can purchase trucks, hire drivers, and establish contracts with restaurants, food manufacturers, and others, it may make more sense to establish agreements with existing waste haulers to collect and deliver food wastes. They have existing contracts with food waste generators, and this will ease the task of billing food waste generators. This is how Los Angeles handles their restaurant food waste collection program. Biomass plants have feedstock delivered by haulers.
There are three waste haulers servicing the greater New Orleans area. SDT Waste and Debris Services (now Progressive Waste Solutions) collects waste from all of St. Bernard Parish, the French Quarter, and the central business district. They are actively growing their recycling program (e.g., aluminum and plastics) and are interested in collecting organic wastes. SDT collects wastes from all New Orleans universities and hospitals. They stated that a typical frontloading truck has capacity for 30 tons, but they are not aware of any composting or other recycler sites able to handle large volumes. This company is proactive and has staff dedicated to growing alternative waste streams and diverting from landfills. Richard's Disposal Inc. (RDI) picks up wastes in Algiers, Esplande Ridge, Garden District, Mid-City, Treme, and Uptown. RDI did not respond to multiple inquires. Metro Disposal collects wastes in East New Orleans, Gentilly, Lakeview, and the 9 th Wards. Metarie and Kenner are handled by IESI and Allied Waste Services. Collection rates vary among haulers. Restaurants with 3-cubic-yard bins picked up 6 days a week pay between $225-$275 per month.
Area landfills include Environmental Operators in Venice; River Birch and Highway 90 in Avondale; and Gentilly in New Orleans. All offer similar tipping fees of approximately $30/ton. According to Waste & Recycling News, Louisiana has the eighth lowest average tipping rate among U.S. states in 2012. A food waste project will need to charge less than $30/ton. The lower fee is necessary to incentivize waste haulers to collect and deliver food wastes to a separate facility. Food waste generators also need a financial incentive to motivate them to separate wastes. Based on conversations with waste haulers and close proximity of landfills to New Orleans, a tipping fee of $20/ton is likely to motivate separation and delivery of food wastes.
Example: Los Angeles Restaurant Organic Food Waste Recycling Program
As an example of a similar program to that being considered for the Kaiser site, this section provides details of a food waste recycling program implemented in Los Angles, California.
As of June 2012, California is diverting 65% of wastes from landfills with a goal of 75% by 2020. The City of Los Angeles Restaurant Food Waste Recycling Program was established to divert food wastes from landfills. It began as a pilot program in 2005 with 300 restaurants participating. As of late 2012, 1,400 restaurants are participating, representing over 16% of food establishments in Los Angeles.
Program Information
The manager of the City of Los Angeles Restaurant Food Waste Recycling Program provided the following program information:
• 1,400 restaurants participate
• Los Angeles tracks wastes with an average of 2.5 tons per month per restaurant
• Annual collection of restaurant food wastes is estimated at 60,000 tons/year
• Pre-and post-consumer restaurant food wastes are collected
• Private waste haulers enter into a contract with Los Angeles (currently five haulers)
• Private waste haulers negotiate a contract with restaurants to collect food wastes
• Waste haulers provide bins (many are under lock and key); typical size is 3-yard bins but 90 gallon bins on wheels are available for smaller restaurants
• Waste haulers provide regular training for restaurants on separating wastes
• Collection schedule is determined between waste hauler and restaurant; it is available 7 days a week
• Los Angeles pays haulers a rebate of $45/ton, which is the same as the landfill tipping fee
• Restaurants pay a fee for organic wastes, which is less than the regular garbage rate (the rate is negotiated between the hauler and restaurant)
• Waste haulers deliver food wastes to a private compost company with a tipping fee of $50/ton of organic waste; resulting compost is sold to agriculture users.
The main driver for restaurant participation is generally reduced costs for waste disposal. The waste hauler receives $45/ton from Los Angeles and is charged $50/ton to drop off organic wastes at a composting facility. The profit to the waste hauler comes from restaurants paying for the service. Waste haulers are able to charge less for organic wastes than regular garbage due to the $45/ton rebate. Restaurants are also motivated to join when a large facility nearby joins the program. For example, when the Marriot Hotel joined, surrounding restaurants also signed up. The Los Angeles program stated there are challenges within strip malls that typically contain 8-10 businesses, two of which are usually restaurants. The strip mall landlord generally handles trash service and will not allow collection of organic wastes. Also, there has been trouble enlisting some franchise restaurants due to corporate offices handling waste contracts from out of state locations
Feedstock Summary and Conclusions
Ample feedstock is available in the surrounding region. It makes sense to begin with St. Bernard and Orleans Parishes due to proximity to the site. It is advisable to establish relationships early on in the project with primary producers, including hospitals, universities, and the largest food manufacturers. The uniformity and predictability of wastes from a few large producers will assist in forecasting feedstock volumes and content. Collection of food wastes will benefit the environment by diverting wastes known to produce methane emissions and extend the life of area landfills. While there is no cost for the feedstock, the project must establish fees that make separating organic wastes attractive for food waste generators. This may be achieved by offering a tipping rate lower than the landfill providing an incentive for waste haulers to deliver food wastes to the Chalmette site. In turn, the waste haulers can provide a more competitive rate for food wastes than regular garbage.
Heat and Power Markets
St. Bernard Parish is an area of heavy industry dominated by energy and shipping industries. Mississippi River ports are crucial to the delivery of petroleum products and natural gas.
Residential housing units and population were significantly impacted by Hurricane Katrina in August 2005. Residential electricity demand, which commands the highest price, has not returned to pre-Katrina levels ( Figure 10 ). Louisiana experiences energy prices significantly lower than the national average. This is due to the natural gas pricing point at Henry Hub, heavy area energy production, and local policies. Henry Hub is a natural gas distribution point in Louisiana used as the pricing point for natural gas future contracts on all major exchanges.
The recent boom in natural gas production has led to decreased prices for both heat and electricity. Renewable energy technologies tend to be more expensive than traditional energy sources. Louisiana does not have any renewable energy use mandates. However, the Louisiana Public Service Commission established a renewable energy pilot program to determine the feasibility of enacting a statewide renewable portfolio standard (requiring renewable electricity generation).
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The program has a research component where utilities collect data on renewable energy and each investor-owned utility must develop at least three projects. These projects may be owned by the utility or the utility may establish a tariff to purchase renewable energy from independent producers. The tariff amount is set at $30/MWh plus avoided-cost payments. Additionally, both -5836-406f-a888-264776b26095. cooperative and investor-owned utilities must issue request for proposals (RFPs) for new renewable energy sources coming online between 2011 and 2014. The maximum is 350 MW of renewable power with each utility's percentage based on 2009 sales. Entergy, the local utility, states on its website that it is opposed to mandated use of renewable energy due to price and base-load power concerns.
Power Markets
Louisiana electricity generation is dominated by natural gas as an energy source followed by coal and nuclear (Table 10) . Louisiana tends to have electricity rates significantly lower than the U.S. average in all sectors (Table 11 ). 2011 Entergy Louisiana prices are similar for residential, higher for commercial, and lower for industrial rates when compared with average statewide rates (Figure 11 ). While Louisiana offers some financial incentives for solar and wind, there are no state incentives for bioheat or biopower. Entergy Louisiana consumption is dominated by the industrial sector (Figure 12 ). There is significant electricity production within 5 miles of the site. Three plants produced a combined 1.98 million MWh in 2011. These plants include Entergy's Michoud natural gas plant, Domino Sugar's natural gas plant (power used on-site), and CII Carbon's coke plant. 42 Additionally, Entergy plans to build a 550-MW natural gas unit in Westwego, Louisiana in 2013. There will be challenges in marketing new biopower sources in the area due to low demand, high prices, and some industrial customers generating their own power. It needs to be determined if there are any potential energy users willing to pay a higher rate for renewable power.
Thermal Markets
Louisiana is a dominant producer of natural gas and is the national pricing point for the commodity. As shown in Figure 13 , natural gas rates have diminished in the past year and Louisiana industrial rates are the lowest nationwide at $2.62 per 1,000 cubic feet (mcf). The only other state with a similar rate is Texas. Renewable heat from biomass cannot compete with this low price. However, natural gas prices, like all commodity prices, fluctuate over time. Louisiana natural gas demand is significant in industrial and electricity generation sectors and low in commercial and residential sectors (Figure 14) . 
Market Summary
The market for renewable energy from biomass in the area surrounding the site is limited. This is due to energy prices in Louisiana far below national averages. Additionally, for a biogas project to be viable in this region, there must be customers willing to pay more for renewable power. Neither Louisiana nor Entergy, the local utility, offer incentives for renewable power. 48 Data from DOE EIA Natural Gas Consumption by Sector. Accessed January 8, 2013: http://www.eia.gov/dnav/ng/ng_cons_sum_dcu_nus_m.htm. 
Financial Analysis
Nearly all food-waste-based digesters in the United States are publicly owned. In many cases, the purpose of these digesters is to divert food wastes from landfills. Financial benefits of biopower may be a secondary goal. Most existing anaerobic digesters are used to treat wastewater or manure with biopower as a by-product. The upfront costs to build an AD plant are considerable as are the operation and maintenance (O&M) costs. Many projects attempt to recuperate operational costs through collection of tipping fees for wastes. As discussed in the Section 4, it is necessary to provide a tipping rate lower than the landfill to incentivize waste haulers to deliver feedstock and food waste generators to separate. Unfortunately, area landfill tipping rates are among the lowest nationally at $30/ton. Additionally, there are no state mandates or efforts to divert organic wastes from landfills. Even with a negative cost for feedstock, economics for AD facilities are challenging. Table 12 shows cost data for several existing and planned food waste digesters. The data was obtained from CalRecycle, a California government program, and a City of Atlanta funded study. 49 The average cost for a new average size digester is $561/ton of installed capacity. This average does not include East Bay (used an existing digester) or Cedar Groove-a large facility that already owns preprocessing equipment. Less information is available for operational costs or tipping fees. The best available O&M cost data is from the East Bay project as it is operational and it is in the United States. A University of Columbia study found European capital costs were similar, although they trended downwards considerably for large plants; operational costs were high at $77-$140 per metric ton. 24 The Atlanta study estimates 2-4 jobs per 10,000 tons capacity. 
Financial Forecast Assumptions
The Co-Digestion Economic Analysis Tool (CoEAT) was used to evaluate this project. 50 CoEAT was developed by EPA Region 9 for the purposes of analyzing the economics of biogas production when co-digesting food wastes at wastewater treatment plants in existing wet digesters. The tool is flexible and allows a user to evaluate financial performance of a standalone food-based digester. This involved only using inputs for food wastes and entering in all capital and O&M costs associated with the project. CoEAT is not designed as a rigorous financial model. It provides outputs on the feasibility of a potential AD project based on user-defined inputs.
The major variables for the financial analysis are capital costs, O&M costs, tipping fees, and sales of electricity and heat.
Capital Costs
Up-front costs for AD are high due to equipment necessary to produce bioenergy from a food wastes, which includes: equipment to weigh and receive feedstock, feedstock preprocessing equipment, storage of feedstock prior to digestion, digester, energy generation equipment, and hydrogen sulfide clean-up equipment. Several studies were reviewed to determine approximate installed costs for food-waste-based digesters. A price of $561/ton of installed capacity was used based on Table 12 .
Operation and Maintenance Costs
O&M costs covers the costs for all O&M activities, including processing feedstock, employment, and chemicals. There is little O&M data currently available. This study uses average O&M costs as reported by EBMUD's costs to digest food wastes. They reported $40-$55/ton; the average used in the financial analysis is $48/ton.
Food Waste Quantity
Without further study and surveying, it is not possible to determine actual wastes delivered to a facility. For the purposes of this study, total food waste (Table 8 ) and potential collection rates (Table 9) were estimated based on a series of assumptions (see Section 4). It is assumed that a low scenario would generate 7,600 tons per year and a medium scenario would generate 15,500 tons per year. These amounts were rounded down to 7,000 and 15,000 tons expecting that some waste will be rejected in the pre-processing phase. The financial model only uses the 7,000 ton per year scenario. The financials would not be appreciably different as both are considered small plants. It is assumed a plant would receive food wastes 5 days per week.
Biogas Yield
The CoEAT model calculates biogas production. It assumes 15 cubic feet of biogas is produced for each pound of volatile solids destroyed. Food wastes are estimated to be 30% solid (600 lbs/ton). EBMUD established that average volatile solids content of total solids in food waste is 88.45% (531 lbs/ton). It is assumed that methane content in biogas is 60% and 10% of biogas is used as captive energy to operate the plant and associated buildings.
Tipping Fees
A food waste tipping fee of $20/ton was used. Local landfills charge $30/ton. Tipping fees for food waste must be lower (or subsidized) to incentivize separation of wastes and collection and delivery by private waste haulers. Based on conversations with local haulers, $20/ton would likely incentivize separation of food wastes and delivery of wastes to a separate facility.
Electricity Sales
The electricity sales price is set at $0.078/kWh. This is the average 2011 rate for Entergy Louisiana for all sectors (residential, commercial, and industrial).
Heat Sales
The heating rate is set at $2.67/mcf. This is the average Louisiana industrial rate for 2012. Industrial rates were used as it is assumed that heat produced from the digester will not enter area pipelines. Instead it will be delivered directly to nearby port area users.
Digestate
The model used does not account for digestate sales-only costs for disposal. The literature suggests that some plants compost digestate and sell it at minimal prices as soil amendment or animal bedding. Other plants pay to landfill it. It is assumed that digestate from this project generates no revenue or costs. The model assumes digestate is given away for agricultural purposes.
Financing
Discount and interest rates of 10% and 7% were used. These rates vary with type of ownership and other factors. 
CoEAT Modeling Results
The high capital costs and O&M costs greatly exceed annual revenues from tipping fees and energy sales. The net present value (NPV) measures the difference between cash inflows and outflows and is a key indicator of a project's profitability potential. A 7,000 ton per year digester yielded an NPV of -$6,762,992. The project loses money each year of operation (Table 15) . The project is most sensitive to capital costs, O&M costs, and tipping fees. With all other variables remaining the same, a tipping fee of $80/ton is required for the plant to break even. Electricity and heat sales are less sensitive. The electricity break-even price, with all other variables unchanged, is $0.32/kWh. Heat sales are not significant and have a minor impact on overall economics of the plant.
The lowest capital and O&M costs in Table 12 are $309/ton installed and $34/ton O&M. These values were evaluated in CoEAT and the NPV remained negative at -$2.4 million. With these lower estimates, the project would require a tipping fee of $39/ton to break even. Several studies suggested tipping fees of $60 are necessary to cover costs to build and operate a food-based AD plant.
Project Financing
Project financing for an AD project with favorable economic performance will be difficult. There will be a perceived risk as there are few examples of food waste digesters in the United States. They are generally co-located at WWTPs. The only standalone plant in the United States is an experimental pilot plant at a university. A digester is not believed to have reuse value. This is challenging as the digester is one of the most expensive pieces of equipment, but it will not be used as collateral due to the lack of perceived reuse. It appears that high solids/dry digester technology is preferred for food wastes. However, this is a novel technology not yet proven in North America, which will be perceived as a risk to investors. Lenders generally seek proven technologies and contractors with experience building a particular type of technology. Additionally, digesters in the United States are almost universally owned by municipalities or other public entities. This type of project would likely require a loan guarantee to attract investors.
Conclusion
This study finds that there is adequate food waste and the site is capable of supporting a biomass facility. However, the project is projected to lose money. This is due to a combination of factors. The primary factors predicting poor financial performance include low area tipping fees and energy prices as well as high capital costs for the technology. Additionally, there is no state policy requiring renewable energy generation. Other possibilities for food wastes may include an industrial composting facility or co-digestion of food wastes at a nearby WWTP with excess capacity in their anaerobic digester.
